Abstract: More than one-fifth of the documented caves in the United States occur in Tennessee. The obligate subterranean biota of Tennessee is rich and diverse, with 200 troglobionts reported from over 660 caves. Fifty troglobionts are known from just 75 of the 1,469 caves in the Appalachian Valley and Ridge physiographic province of eastern Tennessee. Tennessee's Valley and Ridge has been under-sampled relative to other karst areas in the state, limiting our knowledge of cave and karst species diversity and distributions and compromising our ability to identify habitats and species potentially at risk from anthropogenic threats, such as urban sprawl near the metropolitan area of Knoxville. Knowledge of nontroglobiontic species inhabiting caves, including vertebrates, is particularly sparse in this region. Although caves have long been recognized as critical habitats for several bat species, the importance of caves for other vertebrate taxa has received less attention. Caves are important habitats for many other nontroglobiontic vertebrates and should be considered in the management and conservation of these species. Our decade-long study bioinventoried 56 caves in 15 counties and begins to address knowledge gaps in distributions and cave use by vertebrates in
INTRODUCTION
Caves and karst habitats are important in varying degrees to many vertebrate species, most of which are not troglobionts. Many species of amphibians and mammals use caves for foraging, reproduction, or refuges from harsh conditions on the surface during periods of drought or extreme temperatures. Several species of bats, such as Myotis grisescens, roost in caves during the summer in large colonies or use caves for hibernation during the winter. Caves are the sites of reproduction and nesting for several species of salamanders. Some fish and salamander species that occur in surface habitats, such as Cottus carolinae and Gyrinophilus porphyriticus, can also live their entire lives in caves. Understanding the distribution and extent of cave utilization is important for proper conservation and management of these vertebrate species, but few comprehensive, annotated lists of extant vertebrate cave fauna have been published for the eastern United States. Cliburn and Middleton (1983) discussed the vertebrate fauna of Mississippi caves, and Garton et al. (1993) reviewed the vertebrate cave fauna of West Virginia. Faunal lists at varying geographic scales have been published for taxa such as fishes Poly and Boucher, 1996) and amphibians and reptiles (Himes et al., 2004; Niemiller and Miller, 2009) .
More caves are known in Tennessee than in any other state in the United States, with over 10,000 documented caves as of 2015 occurring in two major karst regions, the Interior Low Plateau and the Appalachians (Niemiller and Zigler, 2013) . The Appalachians karst region extends from southeastern New York to northwestern Georgia and northeastern Alabama. In Tennessee, the Appalachians karst region includes karst within the Valley and Ridge province and Blue Ridge Mountains. The Valley and Ridge is flanked to the west by the Cumberland Plateau and to the east by the Blue Ridge Mountains, which contain limited exposures of karst. The Appalachians karst region is the second largest karst area in Tennessee, after the Highland Rim of the Interior Low Plateau.
Bioinventories of the subterranean fauna of Tennessee have been conducted for more than a century (e.g., Cope and Packard, 1881; Hay, 1902; Lewis, 2004 Lewis et al., 2010; Dixon and Zigler, 2011; Wakefield and Zigler, 2012) . Most records are included in a report by Holsinger and Culver (1988) summarizing invertebrate cave fauna from Valley and Ridge bioinventories conducted between 1961 and 1980 in seven northeastern Tennessee counties and from approximately five hundred caves in Virginia. In the Blue Ridge Mountains of eastern Tennessee, studies of cave fauna are limited to those in and immediately adjacent to Great Smoky Mountains National Park (Wallace, 1984 (Wallace, , 2003 Reeves, 2000; Dodd et al., 2001; Mays, 2002; Taylor and Mays, 2006) . Niemiller and Zigler (2013) recently compiled over twenty-two hundred records of obligate subterranean species in Tennessee, and listed 200 invertebrate and vertebrate troglobiontic species identified from 661 caves in the state. As of 2013, troglobiontic faunal records exist for just 5.1% of known caves (75 of 1,469) in the Valley and Ridge province of eastern Tennessee and 7.6% of known caves (13 of 171) in the Blue Ridge Mountains (Niemiller and Zigler, 2013) . From these karst regions, only 50 and 9 troglobiontic species have been documented, respectively.
Vertebrate cave fauna records of the Appalachians karst region in eastern Tennessee are largely limited to distributional records of cave-roosting bat species documented in state biological databases, such as those of Tennessee Natural Heritage Inventory Program and other government reports, and to studies of salamanders, mainly from caves in Great Smoky Mountains National Park (Dodd et al., 2001; Taylor and Mays, 2006) and particularly the Berry Cave Salamander Gyrinophilus gulolineatus (e.g., Niemiller, 2007, 2008; . Considerable cave biodiversity remains to be discovered and documented. The Appalachians karst region has been under-sampled compared to many other regions of the state (Niemiller and Zigler, 2013) . To begin filling in sampling gaps in Valley and Ridge and adjacent karst in the Blue Ridge Mountains of eastern Tennessee, we inventoried the fauna of 56 caves in 15 counties between October 23, 2004 and August 3, 2015 , with the intention of creating annotated lists of vertebrates and invertebrates that will supplement faunal surveys that have already been published or that might be underway. The invertebrate fauna of the Appalachians karst region of eastern Tennessee will be addressed separately. For the vertebrate fauna lists, we compiled cave occurrence records for these areas of eastern Tennessee from a variety of published and unpublished literature sources, databases, and museum collections. We include these data to produce the first comprehensive faunal list of vertebrates from caves in this region.
MATERIALS AND METHODS
We conducted bioinventories of 56 caves representing 107 cave visits within the Appalachian Valley and Ridge and adjacent Blue Ridge Mountains of eastern Tennessee (Table 1 , Fig. 1 ). Many of these caves had never been bioinventoried. Survey sites included Blount (1 cave), Campbell (1), Carter (2), Claiborne (3), Grainger (1), Jefferson (2), Knox (21), Loudon (3), McMinn (2), Meigs (1), Monroe (6), Rhea (1), Roane (5), Sevier (1), and Union (6) counties. Cave descriptions, maps, and locations are maintained by the Tennessee Cave Survey (http://www. subworks.com/tcs/), and we report the TCS cave inventory number with the cave name. We emphasized Knox County, where Gyrinophilus gulolineatus may potentially exist and could be at risk from anthropogenic impacts.
Bioinventories involved visual-encounter surveys for cave life in terrestrial, riparian, and aquatic habitats, such as entrance areas, cave walls and ceilings, mud banks, rimstone pools, and cave streams. These surveys systematically traversed the cave from the entrance to the farthest extent of the cave explorable by the research team. Search effort included lifting rocks and other cover, as well as searching through cobbles, detritus, and organic matter. For fishes, amphibians, and reptiles, we made a concerted effort to capture each individual observed either by hand or with dip nets to confirm identification and obtain voucher photographs. Depending on the extent of the cave system, each survey typically involved 2 to 4 surveyors (maximum 12), with a search effort of 2 to 36 person-hours per cave visit.
All statistical analyses were conducted in the R statistical computing environment (v.3.1.2; R Core Team, 2014) . We explored possible relationships between species richness and horizontal length of caves, a proxy for available habitat because the caves sampled were predominantly horizontal in development, and between species richness and the number of bioinventories conducted at a cave using The annotated list of vertebrate fauna includes the scientific name, authority, ecological classification, common name, and conservation status for each species. Taxonomic nomenclature primarily followed the Encyclopedia of Life (http://www.eol.org). We used common names from published sources when available (e.g., Etnier and Starnes, 1993; Niemiller and Reynolds, 2011; . Classifications of cave-associated organisms (cavernicoles) have been proposed by several authors (e.g., Barr, 1968; Sket, 2008; Culver and Pipan, 2009 ). We used terminology from Barr (1968) with clarification from Sket (2008) and Culver and Pipan (2009) , depending on the taxa, to indicate species found in terrestrial (troglo-) versus aquatic (stygo-) habitats. The four primary ecological categories, with the abbreviations used in the fauna list below and Table 2 , were troglobiont (synonym: troglobite) or stygobiont (synonym: stygobite) (TB or SB, respectively), troglophile or stygophile (TP or SP) (synonym: eutroglophile), trogloxene or stygoxene (TX or SX) (synonym: subtroglophile), and accidental (AC) (synonym: trogloxene, sensu Sket, 2008) . Troglobionts and stygobionts are obligate cavernicoles with morphological, physiological, and behavioral adaptations for living in subterranean habitats and that have few to no records from surface habitats. Troglophiles and stygophiles frequent subterranean habitats and are capable of completing their life cycles within caves but also may occur in surface habitats. Trogloxenes and stygoxenes use subterranean habitats seasonally, or for only a portion of their life cycles, but also rely significantly on surface habitats. Accidentals are species found in caves only by accident, such as by falling into a pit or being washed into a cave during a flood.
The conservation status of each species, based on the International Union for Conservation of Nature (IUCN) Red List of Threatened Species (http://www.iucnredlist.org/ [accessed June 29, 2015] ) and NatureServe (http://www. natureserve.org/ [accessed June 29, 2015] ), is included to provide a better understanding of the distribution and biogeography of subterranean organisms in eastern Tennessee, and to aid in the future conservation and management of this unique fauna. The status of a species according to the U.S. list of threatened and endangered species under the Endangered Species Act is included (http://www. fws.gov/endangered), as well as if a species is included on the list of rare animals in Tennessee (Withers, 2009) . Seven IUCN Red List categories are recognized on a continuum of increasing extinction risk (International Union for the Conservation of Nature, 2012): Least Concern, Near Threatened, Vulnerable, Endangered, Critically Endangered, Extinct in the Wild, and Extinct. Two additional categories are also recognized: Data Deficient, in which a species has been evaluated, but insufficient data are available to make a determination on conservation rank; and Not Evaluated, in which a species has yet to be evaluated. Critically Endangered, Endangered, and Vulnerable are considered Threatened categories. Species are classified as Threatened provided they meet one of five criteria (International Union for the Conservation of Nature, 2012): (A) past, present, or projected reduction in population size over three generations; (B) small geographic range in combination with fragmentation, population decline or fluctuations; (C) small population size in combination with decline or fluctuations; (D) very small population or very restricted distribution; and (E) a quantitative analysis of extinction risk. The IUCN Red List classification and associated criteria and subcriteria are presented, if applicable. Subcriteria are detailed in International Union for the Conservation of Nature (2012). NatureServe conservation status ranks are based on a one to five scale, from most to least at risk of extinction (Faber-Langendoen et al., 2012) : G1 (Critically Imperiled), G2 (Imperiled), G3 (Vulnerable), G4 (Apparently Secure), and G5 (Secure). Comments: An adult was observed in the main stream near the upstream quarry entrance of Grassy Creek Cave. This represents the first report of this species from a cave. We hypothesize that fish enter caves either from being washed in during flooding events or following streams upstream and entering caves through springs, which may be the situation for Grassy Creek Cave.
References: * present study.
Genus Nocomis Nocomis micropogon (Cope, 1865) 
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spring entrance to Lick Creek Cave. This species was previously reported from caves in West Virginia . References: * present study.
Genus Notropis Notropis spp. (AC) Unidentified shiner Localities: Knox Co.: Christian Cave (KN49)*, Ebenezer Rising Cave (KN150)*, Aycock Spring Cave (KN172)*; Loudon Co.: Phantom Insurgence Cave (LN22)*; Rhea Co.: Grassy Creek Cave (RH2)*; Roane Co.: Berry Cave (RN3)*, Cave Creek Cave (RN5)*.
Conservation status: Not applicable. Comments: Shiners were observed but could not be captured to confirm species identity. Several Notropis species have been reported from caves in the eastern United States (Bailey, 1933; Kuehne, 1966; Armstrong and Williams, 1971; Relyea and Sutton, 1973; Pearson and Boston, 1995; Poly and Boucher, 1996; Ruhl, 2005) and may wash into caves during flooding events and become trapped after waters recede. Fifteen Notropis species are known from the Appalachian Valley and Ridge of eastern Tennessee (Etnier and Starnes, 1993) , and several genera of Cyprinidae have been reported from caves in nearby regions of northern Alabama (Rheams et al., 1992) , including Notropis minnows. It is possible that cave systems may allow some aquatic surface species to disperse across hydrological drainage divides (Ray et al., 2014) .
Genus Rhinichthys Rhinichthys atratulus (Hermann, 1804) (AC) Eastern
Blacknose Dace Localities: Claiborne Co.: a cave near New Tazewell 1 . Conservation status: IUCN: Least Concern; NatureServe: G5 (S5 in Tennessee).
Comments: Evermann and Hildebrand (1914) collected eight specimens from a cave near New Tazewell in October Comments: This species and L. clamitans are frequently found in caves with aquatic habitat, particularly near entrances. It has been reported from several caves in Tennessee (Barr, 1953; Niemiller and Miller, 2009) .
References: * present study. Conservation status: IUCN: Least Concern; NatureServe: G5 (S5 in Tennessee).
Comments: Lithobates clamitans has been reported from several caves in Tennessee (Barr, 1953; Dodd et al., 2001; Miller, 2005, 2009 Comments: This species is commonly found in caves with streams in entrance and twilight areas Garton et al., 1993; Buhlmann, 2001; Camp and Jensen, 2007; Niemiller and Miller, 2009 Comments: This species is found in a variety of aquatic habitats in forest areas, including springs, seeps, spring runs, and small-to medium-sized streams (Wyckoff and Niemiller, 2011 as springs in Tennessee, it is seldom observed in the dark zone (Niemiller and Miller, 2009 Comments: Wallace (1984 Wallace ( , 2003 observed one individual at the entrance to Rainbow Cave in Great Smoky Mountain National Park.
References: 1,2 Wallace (1984 Wallace ( , 2003 .
Genus Eurycea Eurycea cirrigera (Green, 1818) (TX) Southern Two-Lined Salamander Localities: Loudon Co.: Phantom Insurgence Cave (LN22)*.
Conservation status: IUCN: Least Concern; NatureServe: G5 (S5 in Tennessee).
Comments: This salamander has been infrequently reported from caves in Tennessee Miller, 2007, 2009) , as well as northwestern Georgia (Camp and Jensen, 2007) . This is the first report from the Valley and Ridge of eastern Tennessee.
References: * present study. Comments: This species is a common inhabitant of caves in the Interior Low Plateau and Appalachian Valley (Garton et al., 1993; Buhlmann, 2001; Dodd et al., 2001; Osbourn, 2005; Camp and Jensen, 2007; Niemiller and Miller, 2009) . It is known to reproduce in caves in Tennessee (Dodd et al., 2001; Taylor and Mays, 2006 Comments: Eurycea lucifuga is the most common salamander found in caves of Tennessee (Niemiller and Miller, 2009 Brandon (1965 Brandon ( , 1966 ; 4,5 Simmons (1975 4,5 Simmons ( , 1976 ; 6 Caldwell and Copeland (1992); 7,8 Miller and Niemiller (2007, 2008); 9,10 Niemiller and Miller (2010, 2011); 11,12 Niemiller et al. (2008 11,12 Niemiller et al. ( , 2010 ); * present study. (Niemiller et al. , 2009b Comments: This species is closely related to the Southern Zigzag Salamander (P. ventralis); they are difficult to distinguish morphologically. Both species occur in caves in Tennessee Niemiller and Miller, 2009) . Females are known to nest in small cavities in cave walls or crevices in clay floors (Miller et al., 1998; Niemiller and Miller, 2008 Comments: This salamander is commonly encountered in caves throughout its range (Garton et al., 1993; Buhlmann, 2001; Dodd et al., 2001; Taylor and Mays, 2006; Camp and Jensen, 2007; Godwin, 2008; Niemiller and Miller, 2009; Niemiller and Reeves, 2014 Comments: This species is frequently found in the twilight zone of caves with streams throughout the Interior Low Plateau and Appalachian Valley (Buhlmann, 2001; Osbourn, 2005; Camp and Jensen, 2007; Godwin, 2008; Niemiller and Miller, 2009; Niemiller and Reeves, 2014) . Pseudotriton ruber utilizes cave streams and associated aquatic habitats for reproduction (Miller 
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and .
References: 1,2 Wallace (1984 Wallace ( , 2003 ; * present study. Family Natricidae Genus Thamnophis Thamnophis sirtalis (Linnaeus, 1758) (AC) Common Gartersnake Localities: Carter Co.: Carter Saltpeter Cave (CR1)*. Conservation status: IUCN: Least Concern; NatureServe: G5 (S5 in Tennessee).
Class Reptilia
Comments: An adult was observed at the bottom of the large entrance sink in the dark zone on 14 May 2014, likely as a consequence of accidentally falling into the cave.
Family Viperidae Genus Agkistrodon Agkistrodon contortrix (Linnaeus, 1766) (AC) Copperhead
Localities: Blount Co.: Gregory Cave (BA4) 1 . Comments: An adult male was observed just inside the main entrance of Meads Quarry Cave on 4 November 2006. An adult male with a cracked carapace also was observed in the twilight zone at Silo Pit Cave on 3 Aug 2015. This species commonly falls into pits or gets washed into caves during flooding.
Class Aves Order Cathartiformes Family Cathartidae Genus Cathartes Cathartes aura (Linnaeus, 1958) (TX/AC) Turkey Vulture
Localities: Washington Co.: unknown cave 1 . Conservation status: IUCN: Least Concern; NatureServe: G5 (S5 in Tennessee).
Comments: This species is known to nest at the entrances and within the twilight zone of caves, particularly those occurring in bluffs (Coles, 1944; Comments: Like Cathartes aura, this species is known to nest at the entrances and within the twilight zone of caves (Lyle, 1931 Flock (2013 Flock ( , 2014 ; Sullivan Co.: Morrell Cave (SL6) 1, 6, 7, 9, 10 , Kaylor Cave (SL46) 1, 6 ; Union Co.: Oaks Cave (UN5) 1, [6] [7] [8] , Herd O Coons Cave (UN32) 9 . Conservation status: IUCN: Least Concern; NatureServe: G5 (S5 in Tennessee).
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Comments: Eptesicus fuscus is frequently encountered in caves, particularly in winter, where it often roosts alone or in small clusters on ledges or in crevices in cave walls.
References Comments: This bat is typically associated with forests but has been found in caves on occasion (Mohr, 1952; Quay and Miller, 1955; Myers, 1960) . This species will swarm around cave entrances, particular in autumn; however, bats that enter caves typically die, presumably because they become disoriented and are unable to find their way back to an entrance (Best and Dusi, 2014) .
References: 1 VertNet: KU.
Lasiurus cinereus (Beauvois, 1796) (TX/AC) Hoary Bat
Localities: Campbell Co.: Meredith Cave (CM5) 1 ; Rhea Co.: Starve Rock Cave (RH7) 1 . Conservation status: IUCN: Least Concern; NatureServe: G4 (S5 in Tennessee).
Comments: This bat is typically associated with forests but has been documented roosting in caves (Myers, 1960; Best and Dusi, 2014) .
References: 1 VertNet: KU. (Withers, 2009) .
Genus Myotis Myotis grisescens
Comments: Myotis grisescens is one of three bats federally listed as endangered that can be found in Tennessee, the others being the Indiana Bat (M. sodalis) and the Northern Long-Eared Bat (M. septentrionalis). Populations throughout Tennessee are well-monitored because large colonies are only found in approximately eight caves nationally (Martin 2007) . Indian Cave, Grassy Creek Cave, and Oaks Cave are sites for summer maternity colonies, while Sensabaugh Cave is a summer bachelor colony (Martin, 2007) . Martin (2007) included Mudflats Cave and Blowing Hole Cave as Priority 4 sites, but the species has not been observed at these caves in recent years (this study). Gray Bats have not been reported previously from Christian Cave or Phantom Insurgence Cave. An estimated 250 bats and fresh guano piles were observed at Christian Cave on 17 September 2005. At Phantom Insurgence Cave on 30 August 2014, an estimated 2,000 bats were observed roosting above a pool in the large entrance chamber. Although no roosting bats were observed in Grassy Creek Cave at the time of the bioinventory, large and extensive guano piles from a recent summer colony and several skeletons of dead bats were present throughout the cave during our visit on 22 December 2014.
References Comments: The Eastern Small-Footed Bat is the smallest bat species in the eastern United States. It is rare throughout its range in Tennessee, where it is found primarily in the eastern two-thirds of the state. Many records of this species are from winter surveys, when it can be found hibernating in caves and mines. Hampton Cave is not known in the TCS database and could not be georeferenced.
References Comments: The range of this species includes all of eastern Tennessee; however, only a few individuals were noted during this study. The individual observed in Tuckaleechee Caverns on 20 March 2014 had characteristic white fungal growth of white-nose syndrome on the muzzle. Myotis lucifugus populations throughout the eastern United States have sustained significant losses due to WNS, and Ingersoll et al. (2013) have suggested that its IUCN Red List status be increased from Least Concern to Endangered in some areas. Declines have also been noted for some eastern Tennessee populations (Flock 2013 (Flock , 2014 Flock (2013 Flock ( , 2014 References: * present study.
Order Soricomorpha Family Soricidae Genus Blarina Blarina brevicauda (Say, 1823) (AC)
Northern Short-Tailed Shrew Localities: Knox Co.: Meads Quarry Cave (KN28)*. Conservation status: IUCN: Least Concern; NatureServe: G5 (S5 in Tennessee).
Comments: A recently deceased B. brevicauda was found in a crawl passage in Meads Quarry Cave between the downstream and main entrances.
SUMMARY OF BIOINVENTORY AND LITERATURE RECORDS
For this study, we bioinventoried 56 caves during 107 individual surveys (Table 1) and documented 38 vertebrate taxa that represented 275 total species occurrence records. A mean of 4.9 6 2.9 taxa were observed per cave. Ten or more species were documented from four caves: Meads Quarry Cave (KN28; 14 species), Berry Cave (RN3; 12 species), Small Cave (MM5; 11 species), and Meads River Cave (KN151; 10 species). We were able to verify 36 vertebrate species: 6 fishes, 15 amphibians (5 anurans and 10 salamanders), 3 reptiles, 1 bird, and 11 mammals. Amphibians accounted for most vertebrate occurrences (47.3% of the total records), with salamanders comprising the most prevalent order of vertebrates (37.8% of the total records). Bats (20.7% of the total records) and non-bat mammals (16.0% of the total records) also were frequently documented during bioinventories. No stygobiont fishes were documented during bioinventories, although three cyprinid, two centrarchid, one cottid, and one ictalurid species were recorded. The Cave Salamander Eurycea lucifuga, Tri-Colored Bat Perimyotis subflavus, Raccoon Procyon lotor, Northern Slimy Salamander Plethodon glutinosus, and Spring Salamander Gyrinophilus porphyriticus were the five most commonly encountered species, found in 38, 37, 27, 19, and 18 caves, respectively (Table 2) . Thirteen observed taxa were considered accidentals in cave habitats, 14 were trogloxenes, 5 were troglophiles, and 1 was a stygobite (Table 2 ). All taxa classified as accidentals are considered common in surface habitats. The ecological classification of five taxa (Ameiurus natalis, Eurycea longicauda, Plethodon dorsalis, Canis latrans, and Peromyscus sp.) could not be reliably assigned to one category, and therefore three taxa were considered accidentals or either trogloxenes or stygoxenes and two were considered troglophiles or trogloxenes.
The amount of available habitat may be positively related to species richness of troglobionts in caves at the regional scale, where areas of higher cave density (as a proxy for available habitat) harbor greater species richness (Christman and Culver, 2001; Culver et al., 2003 Culver et al., , 2006 , or at the scale of individual caves, where larger caves support greater species richness (Schneider and Culver, 2004) . From our data, there was a positive correlation between vertebrate species richness and cave length as a proxy for available habitat after accounting for sampling effort, according to weighted Pearson correlation analysis (correlation coefficient r 5 0.340, P-value 5 0.01). However, interpreting such a trend is likely confounded by variation in cave length and complexity, availability of habitat types such as wet or dry, surface land cover above caves and around entrances, and seasonal timing of cave bioinventories. In particular, seasonality might be especially important, as certain species, such as hibernating bats, are much more likely to be observed in caves during particular seasons. A positive correlation existed between species richness and the number of bioinventories conducted at a cave (r 5 0.498, P-value , 0.001). Consequently, multiple bioinventories spanning different seasons are recommended to adequately document the vertebrate fauna of individual caves. The presence of substantial aquatic habitat also appears important. Wet caves (5.8 6 3.2 taxa) exhibited greater species richness than dry caves (3.3 6 1.3 taxa), according to Wilcoxon rank sum test value W 5 3008, P-value , 0.001. Unsurprisingly, predominantly aquatic caves contained species most often associated with aquatic habitats, and mammals were most often observed in dry caves.
Our review of available literature, biodiversity databases, and museum collections yielded an additional 298 species occurrences, 258 of which were unique from species occurrences recorded during our bioinventories, and 40 that were the same as species occurrences generated through our bioinventories. Bats accounted for the vast majority of additional occurrences (65.1%), with many of these occurrences documented during winter white-nose syndrome surveys in the last five years (e.g., Lamb and Wyckoff, 2010; Samoray, 2011; Holliday, 2012; Flock, 2013 Flock, , 2014 . From the literature, 10 or more vertebrate species were documented from 11 caves: Gregory Cave (BA4; 15 species), Meads Quarry Cave (KN28; 14 species), Small Cave (MM5; 12 species), Berry Cave (RN3; 12 species), Whiteoak Blowhole Cave (BA2; 11 species), Indian Cave (GA4; 11 species), Cave Creek Cave (RN5; 11 species), Panther Cave No. 1 (CM8; 10 species), Mudflats Cave (KN9; 10 species), Meads River Cave (KN151; 10 species), and Grassy Creek Cave (RH2; 10 species).
Of the 533 unique species occurrence records, 522 could be georeferenced to 132 caves, including the 56 caves bioinventoried in this study. In total, 54 vertebrate taxa have been documented in eastern Tennessee caves (Table 2) , including 8 fishes, 19 amphibians (8 anurans and 11 salamanders), 6 reptiles (5 snakes and 1 turtle), 3 birds, and 18 mammals (10 bats and 8 non-bat mammals). The Tri-Colored Bat (Perimyotis subflavus), Cave Salamander (Eurycea lucifuga), Big Brown Bat (Eptesicus fuscus), Gray Bat (Myotis grisescens), and Northern Slimy Salamander (Plethodon glutinosus) were the five most commonly encountered species, with 89, 48, 41, 37, and 31 total locations, respectively (Table 2) . Twenty-one taxa were considered accidentals in cave habitats, 18 were trogloxenes, 5 were troglophiles, and 1 was a stygobite (Table 2 ). All taxa classified as accidentals are considered common in surface habitats. The ecological classification of nine taxa (Ameiurus natalis, Lithobates sylvaticus, Eurycea longicauda, Plethodon dorsalis, Cathartes aura, Coragyps atratus, Lasiurus cinereus, Canis latrans, and Peromyscus sp.) could not reliably be assigned to one category, and therefore seven taxa were considered accidentals or either trogloxenes or stygoxenes, and two were considered troglophiles or trogloxenes.
SPECIES OF CONSERVATION CONCERN
Thirty-two of the vertebrate taxa in the Appalachian Valley and Ridge and The Blue Ridge Mountains karst areas of eastern Tennessee rank as Least Concern under IUCN Red List criteria (Table 2) . However, two taxa rank as Near Threatened, one as Vulnerable, and one as Endangered. Based on NatureServe conservation rank criteria, thirty of the species are globally ranked as Secure (G5), one as Apparently Secure or Vulnerable (G3G4), three as Vulnerable (G3), one as Imperiled or Vulnerable (G2G3), and one as Critically Imperiled (G1). At the state level, NatureServe conservation ranks are similar to the IUCN listings, with thirty species Secure (S5), three Apparently Secure (S4), one Vulnerable (S3), one Imperiled (S2), and one Critically Imperiled (S1). Three of the observed species are tracked by the state of Tennessee (Withers, 2009) . Myotis grisescens (Gray Bat) is listed as Endangered, Gyrinophilus gulolineatus (Berry Cave Salamander) as Threatened, and Neotoma magister (Allegheny Woodrat) is Deemed in Need of Management. All of the accidental species observed in bioinventoried caves have a NatureServe global rank of G5 (Secure), with the exception of Lasiurus borealis, which has a global rank of G4 (Apparently Secure).
The Berry Cave Salamander (Gyrinophilus gulolineatus) is the only stygobiontic vertebrate known from the Valley and Ridge in Tennessee (Brandon, 1965 (Brandon, , 1966 Niemiller, 2007, 2008; . This species is a rare neotenic salamander previously known from just nine localities in Knox, McMinn, Meigs, and Roane counties Miller, 2010, 2011) . We increased the known localities of this rare salamander within that area to 11 caves. Because of few occurrences, low population densities, and threats associated with urban development and quarrying activities, G. gulolineatus is a candidate species for listing on the U.S. Endangered Species List (U.S. Fish and Wildlife Service Species Assessment; http://ecos.fws.gov/docs/candidate/ assessments/2014/r4/D03B_V01.pdf).
We documented five bat species from 39 caves. Four species are considered Vulnerable by NatureServe, and two species, M. grisescens (Gray Bat) and M. septentrionalis (Northern Long-Eared Bat), are listed on the U.S. Endangered Species List as Endangered and Threatened, respectively. Five caves housed populations of M. grisescens that were either directly observed or hypothesized to occur on the basis of recent evidence of inhabitation such as fresh guano piles. All of these M. grisescens occurrences, except Loudon County, had been previously reported; see the range map compiled by Tennessee Bat Working Group. Myotis septentrionalis was recently listed as Threatened under the Endangered Species Act in May 2015 (United States Fish and Wildlife Service, 2015) because of population declines associated with the emergent infectious disease white-nose syndrome, which is caused by the fungus Pseudogymnoascus destructans (Pseudeurotiaceae). Although we only observed a single individual, at Oaks Cave in Union County in March 2015, M. septentrionalis is known from 20 additional caves in eastern Tennessee ( Table 2 ). The distribution of M. sodalis (Indiana Bat) extends into eastern Tennessee with both hibernacula and summer non-maternity roosting colonies; it is also a federally endangered species. This bat was not detected in any of the bioinventoried caves, but is known from 13 caves in eastern Tennessee. The state of Tennessee tracks M. leibii (Eastern Small-Footed Bat), because it is Deemed in Need of Management. We did not observe this species, but it has been reported from six caves in eastern Tennessee.
The bats M. lucifugus (Little Brown Bat) and Perimyotis subflavus (Tri-Colored Bat) were previously considered Secure (G5), but their respective NatureServe conservation ranks were downgraded in 2012 to at best Vulnerable (G3) because of severe population declines. These declines were M.L. NIEMILLER, K.S. ZIGLER, C.D.R. STEPHEN, E.T. CARTER, A.T. PATERSON, S.J. TAYLOR, AND A.S. ENGEL attributed to high mortality from white-nose syndrome (Frick et al., 2010; Maher et al., 2012; Verant et al., 2012; Minnis and Lindner, 2013) . The first confirmed cases of bats infected with white-nose syndrome in Tennessee were in winter 2009 (Lamb and Wyckoff, 2010 . Although thought to be widely distributed across eastern Tennessee, M. lucifugus was observed in just three caves during this study. At Tuckaleechee Caverns in Blount County, one specimen had the characteristic white fungal growth on the muzzle on 20 March 2014. The most frequently encountered bat species was P. subflavus, which we observed in 37 of 56 caves (66.1%) surveyed. Evidence of white-nose syndrome infecting P. subflavus was observed at Eblen Cave in Roane County on 15 May 2013. In this cave, a single bat was discovered with white fungal growth on the muzzle, and several dead bats were observed throughout the cave. Evidence of white-nose syndrome infecting P. subflavus was also observed in March 2015 at Oaks Cave and Wright Cave in Union County. The disease was first detected in Blount County in 2012 (Holliday, 2012) , Roane County in 2014 (Flock, 2014) , and Union County in 2013 (Flock, 2013) .
CONCLUSIONS AND FUTURE DIRECTIONS
Caves and associated subterranean habitats are important for many vertebrate species for reproduction, hibernation, refuge, or other aspects of their life histories. Although caves have long been recognized as critical habitats for several species of bats, the importance of caves for other vertebrate taxa has received less attention, with the exception of some salamanders (e.g., Niemiller and Miller, 2009; Goricki et al., 2012) . This study advances our understanding of cave use by vertebrates by providing insights into the richness and distribution of vertebrate taxa in the Appalachian Valley and Ridge and the Blue Table 3 . Number of georeferenced vertebrate records and taxa from the bioinventory reported in this paper and from the literature for counties in the kast area of the Appalachian Valley and Ridge and adjacent Blue Ridge Mountains. The number of caves with records is compared to the number of caves known to the Tennessee Cave Survey.
Ridge Mountains of eastern Tennessee. Prior to this study, 298 vertebrate occurrence records representing 35 taxa existed from at least 100 caves that could be georeferenced. Our efforts nearly doubled the number of records by generating an additional 235 unique species occurrence records for 36 taxa from 56 caves. Thirty-two of the 56 caves previously lacked any vertebrate records. In combination with literature data, 54 vertebrate taxa in total have been documented from 132 caves that could be georeferenced in 24 counties in eastern Tennessee. Significant numbers of fishes, amphibians, reptiles, birds, and mammals use caves in eastern Tennessee, and several species regularly use caves. However, overall only 7.7% of known caves in those parts of eastern Tennessee now have vertebrate occurrence records. Few caves in eastern Tennessee have had comprehensive bioinventories, and only a small fraction of those have had repeated bioinventories for all vertebrates, with the exception of periodic surveys of winter hibernating bats at select caves (e.g., Lamb and Wyckoff, 2010; Samoray, 2011; Holliday, 2012; Flock, 2013 Flock, , 2014 . Moreover, several karst areas still remain poorly investigated, particularly in Bradley, Claiborne, Cocke, Grainger, Hamblen, Hamilton, Jefferson, Johnson, Sevier, Sullivan, and Unicoi counties, where less than 5% of known caves in each county have a vertebrate occurrence record (Table 3) . A growing body of literature suggests that caves provide important habitat for nontroglobiontic vertebrates. Caves should continue to be considered as resources to be protected in the management and conservation of vertebrate fauna.
